This study was conducted to develop a protocol for rapid callus induction and subsequent shoot regeneration in Zizyphus jujuba Mill. 'Huizao'. The best callus induction (95%) was obtained from young expanding leaves between the third and fifth nodes in vitro jujube shoots in MS media supplemented with 0.5 mg/L benzylamino purine (6-BA), 2.0 mg/L 2,4-dichlorophenoxyacetic acid (2, 4-D), and 0.5 mg/L silver nitrate (AgNO 3 ). Incubation in darkness had non-significant effects on callus induction frequency of leaf explants, while callus formation of leaf was observed five to seven days earlier in one or two weeks of dark incubation. For shoot regeneration, the results showed that combination of zeatin (ZT) and, indole-3-acetic acid (IAA) was found to be more effective than that of 6-BA and indole-3-butyric acid (IBA). A maximum of 37.34% callus differentiation occurred in MS medium supplemented with 2.0 mg/L ZT and 0.1 mg/L IAA.
INTRODUCTION
Zizyphus is mainly cultivated in China and grown to some extent in Russia, northern Africa, southern Europe, the Middle East, and the southwestern United States (Choi et al., 2002; Kim et al., 2006; Outlaw et al., 2002) . This fruit, with its high content of vitamin C, can be consumed fresh and processed into beverage, food, and oriental medicines. Zizyphus jujuba Mill. 'Huizao' is the most commonly planted cultivar in China, with the largest orchard area and the highest annual production. The naturally drooping tree is graceful and ornamental in appearance. The tissue culture of Z. jujuba Mill. is successfully obtained via shoot tip (Wang, 1996) , stem segments (Xu et al., 2003) , leaves (Chen et al., 2002; Gu et al., 2005; Feng et al., 2010) , and zygotic embryos (Choi et al., 2002; Kim et al., 2006) , respectively. In-vitro regeneration of Z. jujuba Mill. 'Huizao' via leaves has already *Corresponding author. E-mail: jcfeng@henau.edu.cn Tel: 86-371-63579621.
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been reported and adventitious buds were directly regenerated in vitro from leaf explants on woody plant medium (medium) (Feng et al., 2010) . However, plants regenerated from callus culture are genetically identical to the source material and free from pathogens, and it is possible to produce a huge number of plantlets in a very short period of time (Shirin et al., 2007) . In this study, an alternative propagation protocol of Z. jujuba Mill. 'Huizao' was deve-loped for rapid and mass propagation of this species. Calli derived from leaf explants of Z. jujuba Mill. 'Huizao' were massively subcultured and grown for several months, which probably induced potential somatic embryogenesis. Then, adventitious buds were induced from the compact form of calli in light-yellow and greenish-yellow colors, which may provide a different protocol for propagation and have applications in genetic transfor-mation in this species.
MATERIALS AND METHODS

Plant material
Leaves cut from in-vitro shoots and a one-year-old branch of Z. jujuba 'Huizao' respectively, were used as the explant source in this study. 
Callus induction
Callus was initiated from leaf explants in MS (Murashige and Skoog 1962) basal medium supplemented with 1.0 mg/l 2, 4-D and 0.5 mg/l 6-BA. In order to evaluate factors influencing callus induction, leaf maturity, including position and section and the number of days in darkness were examined separately. Leaf maturity was examined by distal, intermediate, and basal leaves from different positions on the in-vitro plantlet. Each leaf was cut into three lengthwise sections, callus induction frequency of apex, middle, and basal sections of the same leaf and full leaves were tested. Days of incubation in darkness (0, 7, 14, 21 and 28 days) were evaluated in the medium.
Selection of medium
The four factors with the three-levels experiment, including basal medium (MS, 1/2 MS and 3/4 MS) supplemented with different concentrations of 6-BA (0.2, 0.5 and 1.0 mg/L), 2,4-D (1.0, 2.0 and 3.0 mg/L), AgNO3 (0, 0.5 and 1.0 mg/L), were designed to select the best callus induction medium using orthogonal design (L9(3 4 )) protocol.
Callus differentiation
Based on the preliminary experiments, well developed calli induced from in vitro leaf explants were transferred to shoot regeneration medium. MS medium was supplemented with different concentration and combination of 6-BA (1.0, 2.0 and 3.0 mg/L) and IBA (0.1 and 0.2 mg/L), ZT (0.5, 1.0 and 2.0 mg/L) and IAA (0.1 and 0.2 mg/l) for shoot regeneration.
Culture conditions
All media were supplemented with 6.5 g/L agar and 30 g/L sucrose, and adjusted to pH 6.4 before autoclaving. The AgNO3 solution was filter-sterilized and added to the media after autoclaving. The cultures were maintained in the culture room at 26±2°C under a 14 /10 h (light / dark) photoperiod provided by white fluorescent tubes with the intensity of 1500 lux.
Data statistics and analysis
Frequency of callus induction from leaf explants, the morphology and color of callus, degree of callus formation, frequency of callus differentiation, and mean number of induced shoots per explant were recorded after 30 days of culture.
Frequency of callus induction (%) = the number of leaves that induced callus/total number of leaves inoculated ×100%;
Frequency of callus differentiation (%) = number of calli regenerated shoots /total number of calli inoculated×100%;
Mean number of shoots per callus = total number of shoots / number of calli induced shoots Degree of callus formation: -= no callus formation, + = slight callus formation, ++ = moderate callus formation, +++ = massive callus formation.
Statistical analysis was performed using SPSS software (Version 13.0 for Windows, SPSS Inc. USA). One or two-way analysis of variance (ANOVA) and Duncan's multiple range tests (P<0.05) were employed to determine the significant differences among means of the recorded parameters.
In each treatment, six conical flasks were examined, each containing three to five explants. Each experiment was repeated at 
RESULTS
Effect of leaf explants status on callus induction
The results shown in Table 1 suggested that there are significant differences on the frequency of callus induction of leaves from field grown and in-vitro grown Z. jujuba 'Huizao' plants. Frequency of callus induction of leaves from field grown plants was lower (24.45%) than that of in vitro grown plants. Callus induced from field leaves were dry and loose at the surface, and was dark brown in color ( Figure 1A ). Callus induced from in-vitro leaves showed yellow-green in color with a wet and compact form ( Figure  1B) . The leaves between the third and fifth nodes in-vitro jujube shoots were fully expanded, and showed 50.58% of frequency of callus induction, and frequency of callus induction which was greatly higher than that from the distal (first and second nodes) and basal (sixth, seventh, and eighth nodes) ones. Callus was very slightly induced from leaves in the first and second nodes, and was yellow-brown and loose from the mature leaves (sixth, seventh, and eighth nodes). Callus induced from young expanding leaves between the third and fifth nodes invitro jujube shoots showed a compact form in light-yellow and greenish-yellow colors, which was much easier to induce shoots than that in the loose and brown form (Table 1) .
It was clearly shown that different sections of the same leaf explant had significant influences on callus induction (Table 1) . Very low frequency of callus induction in brown and loose formation with 6.09% was obtained from apical section of the leaf. Frequency of callus induction of middle section from the same leaf was slightly higher than that of the apical section. Basal section of the same leaf and full leaves were shown to have higher frequency of callus induction, with 58.54 and 60.09%, respectively. Callus induced from the apical leaf section was brown and loose, and callus induced from middle, basal leaf section and full leaves were compact in greenish-yellow color. Based on these results, the basal section of the leaf or full leaf between third and fifth nodes in in-vitro jujube shoot was the optimal explants for callus induction.
Effect of days of incubation in darkness on callus induction percentage of leaf explants
It was observed that days of incubation in darkness have non-significant effects on callus induction frequency of leaf explants (Table 2) . A few days of incubation in darkness promoted callus development, for example, callus formation of leaves was observed five to seven days earlier in one or two weeks of dark incubation. There was massive callus formation of leaf explants after two weeks' dark incubation or longer (Figure 2A and B) , however, morphology of callus became loose, and the color of the callus was changed from greenish-yellow to yellowbrown or dark brown resulting in the loss of regeneration abilities (Table 2) .
Effect of different basal medium and hormonal concentration on callus induction of leaf explant
In order to obtain an optimum combination of different hormones and concentrations, the influence of factors, including A (basal media), B (different concentration of 6-BA), C (2, 4-D), and D (different concentration of AgNO 3 ), were discussed in our paper. The orthogonal experiment results and variance analysis indicate that these four Data was recorded after 30 days of culture. Mean separation was determined using Duncan's multiple range test and means within a column followed by different letters are significantly different at P < 0.05. Data was recorded after 30 days of culture. Mean separation was determined using Duncan's multiple range test and means within a column followed by different letters are significantly different at P < 0.05.
factors had significant influences on callus induction frequency (Tables 3 and 4 ). The influence of C factor was especially prominent in callus induction, and the range value of C factor was the highest among the four factors (data not shown). With reference to the experimental results, it was clearly shown that the combination of MS+6-BA0.5 mg/L+2, 4-D 2.0 mg/L+AgNO 3 0.5 mg/L was most effective in callus induction of leaf explants, which had 95% frequency of callus induction.
Effect of combination and concentration of different plant growth regulators on callus differentiation
Callus was changed in color and morphology during the its development, for example, the color of callus varied from white, light yellow, and greenish-yellow, to yellowbrown. According to our preliminary experiment results, greenish-yellow and compact callus was found to be the most effective for regeneration, and was used as the material of regeneration in the following experiments.
When different concentrations of 6-BA with IBA and ZT with IAA were added to the medium for shoot proliferation, the results show that combination of ZT and IAA was found to be more effective than that of 6-BA and IBA (Tables 5 and 6 ). In 6-BA and IBA combination (Table 5) , shoots could be induced by 3.0 mg/L 6-BA, while only one shoot was induced with one callus (Figure 3) . The highest percentage of callus differentiation (13.77%) was observed in 3.0 mg/L 6-BA and 0.2 mg/L IBA. No callus differentiation occurred with lower concentration of 6-BA, while callus were dark brown in color when the concentration of BA was increased to 4.0 mg/L (data not shown). In the combination of ZT and IAA (Table 6) The results show that leaf explant status had significant influences on callus induction. Expanded leaves in dark green color between the third and fifth nodes in in-vitro jujube shoots were the optimal explants for callus induction. Calli induced from leaf explants in field grown plants were loose and dark brown with dry surfaces, and the frequency of callus induction of leaf explants in field grown plants were lower (24.45%) than that of in-vitro leaves. Zhou et al. (2006) reported that leaves in the field were not effective for callus induction, and the possible reason was that leaves in field grown plants were older and more difficult to dedifferentiate than those from invitro plants. In addition, leaf explants from field grown plants were injured from surface sterilization before the culture, which may partly have resulted in the loss of the capability of dedifferentiation. Younger leaf explants from in-vitro plants were not injured by surface sterilization, and the frequency of callus induction and callus quality was higher. Therefore, leaves from in-vitro plants were optimal materials for callus induction, which could improve the efficiency and quality of callus induction. Chen et al. (2002) reported that 3/4 MS media was the best choice for callus induction of leaf explants in Z. jujuba 'muzao', followed by B5 and MS media, and 1/2 MS media was poor for callus induction. In our study, the best results for callus induction and callus differentiation of Z. jujuba 'huizao'were obtained from 1/2 MS and MS media, respectively. He et al. (2002) suggested that cytokinin had the most important role in callus formation of leaf explants from jujube, and ZT demonstrated better callus induction than N6-(2-isopentenyl) adenine N6-(2-isopentenyl) adenine and 6-BA. Auxins could significantly improve the quality of callus of Z. jujuba 'zhanhuadongzao' (Chen et al., 2002) , which had lower influence compared with cytokinin. There were no obvious differences on the frequency of callus induction of leaf explants of Z. jujuba 'zhanhuadongzao' among the different concentrations of NAA (1-naphthaleneacetic acid), IBA and IAA, while the best callus quality was obtained from media supplemented with NAA, followed by IBA, then with IAA. In our study, MS media supple-mented with 2.0 mg/L 2,4-D and 0.5 mg/L 6-BA was found to be the most effective for callus induction among all the concentrations and combinations, and 0.5 mg/L AgNO 3 introduced to the above media could greatly improved leaf dedifferentiate and produce callus formation.
Effects of media on callus induction of leaf explants
